History.-Primary and secondary types.-Incidence in (a) Phthisical patients, (b) Patients with suppurating ears, (c) Children.-Modes of infection (a) by Eustachian tube, (b) by blood-stream.-Signs and symptoms: Painless onset; Early appearances of middle-ear; Infiltration of tympanic membrane; Multiple perforation; Granulation tissue; Type of discharge.-Examination of discharge and of granulation tissue.-Course of disease in middle-ear; Extensions; Complications.-Special types Mastoiditis in children; Tumour formation.-Deafness.-Reports of twenty cases.
As long ago as the early years of the eighteenth century Jean Louis Petit, the French surgeon who lived between 1674 and 1750, described tuberculous disease occurring in the mastoid process. In 1835 Romberg and Geissler wrote on the connection between tuberculous disease of the mastoid process and pulmonary phthisis. They were followed by Wilde, Meniere, v. Troltsch, Zaufal, Schwartze, Toynbee and others, whilst the discovery by Koch of the tubercle bacillus in 1882 stimulated the interest in and the writings upon tuberculosis of the middle-ear cleft. The first record of a discussion on the subject in this country is in 1903.
Tuberculosis in the tympanic cavity and its adnexa follows the usual course of that disease in other parts, but its results are modified by the peculiarities of structure of the ear, the air spaces in bone lined with mucous membrane, the ossicles and the intimate connection between mucous membrane and bone, and that unique structure the tympanic membrane.
Tuberculosis may occur in the ear primarily or secondarily. Primary tuberculosis is said to be present when there is no other discoverable focus from which the infection could reach the ear. Many such cases, however, may really be secondarily blood-borne from an unnoticed focus, such as an infected tonsil or lymphatic gland. Most of the primary cases occur in children and infants, and the infection may begin in the middle ear or in the mastoid process with or without involvement of the middle ear.
Secondary tuberculosis is the almost invariable condition in the adult, and in the great majority of cases is secondary to pulmonary phthisis with tubercle bacilli in the sputum. There may be tuberculous lesions in the larynx, pharynx and post-nasal space, but they are merely foci of disease along the track from the lung to the middle ear.
Tuberculosis of the ear does not appear to be a very common condition, or at any rate is not frequently diagnosed with certainty. During the decade 1920-1929, 11,384 patients were referred to the Throat and Ear Department of the Brompton Hospital; of these probably about half had a tuberculous infection, the remainder suffering from non-tuberculous diseases of the respiratory apparatus. Of these patients, tuberculous laryngitis was diagnosed in 2,119 cases, non-tuberculous suppurative otitis media in 321, tuberculous otitis media in 58, and tuberculous disease of the external ear in 1 case. It would appear therefore that at the Brompton Hospital about one half of 1% of all cases referred to the Throat and Ear Department had tuberculous otitis media, or about 1% of the phthisical patients.
As this percentage seemed very small, I made, with the help of the resident staff, a census of the wards of the Brompton Hospital on one day. There were 350 patients in hospital, of whom 250 suffered from phthisis. Amongst all these patients two were found to suffer from tuberculous otitis media and advanced pulmonary MAY-OTOL. 1 phthisis, another with phthisis had a definitely non-tuberculous otitis media, whilst a fourth case of otitis media occurred in a bronchiectatic patient and was certainly not tuberculous. Again the percentage was about half of 1% of all cases, and rather less than 1% of phthisical patients.
Comparing these figures with those recently published, we find the following:-- If the figures of all suppurative otitis media are considered it is found that a very definite percentage are tuberculous.
Milligan quoted Whitehead as finding tuberculosis in 12 out of 100 fatal cases of suppurative otitis media. Nine of these occurred in children. He also quoted Wyatt Wingrave as finding tubercle bacilli in 24 out of 100 specimens of aural discharge. These latter figures seem very bigh and are certainly not borne out by the investigations at Bromptom Hospital, where a large proportion of the patients are tuberculous.
Cemach states that 4-7% of all suppurative otitis media is tuberculous, but in children the percentage is 14%; of all cases of otorrhaea requiring operation 8% were tuberculous and of phthisical patients with suppurating ears 22% were tuberculous. Fraenkel found 94 cases in 3,737 of suppurative otitis media (2 * 5%) and Grunert 3 in 113 (2 6%).
During the ten years at Brompton Hospital, we found that of 379 discharging ears 58 were diagnosed tuberculous (15 * 3%), but the proportion of phthisical patients has to be taken into account.
If the incidence of this disease in children is considered, very varying results are given by different writers. Cemach states that 3% of children suffering from tuberculosis have tuberculous otitis media, but 14% of children with discharging ears have tuberculous otitis. Logan Turner and Fraser in 1915 showed that of 1,797 children under 15 with discharging ears 2% were tuberculous but that this proportion increased as younger children were considered until 50% was reached for children under one year. McCart, following this investigation for a further ten years, found the percentage of children to be between 1 and 2 per cent.
Cox and Dwyer in the United States find that 14 to 15% of children with otorrh&e.a have a tuberculous infection of the ear. Path of infection.--The possible pathways of infection to the middle ear are the Eustachian tube, the blood-stream and the external auditory meatus. The last can be dismissed after being mentioned.
It would appear that in the vast majority of cases the infection is via the Eustachian tube. J. S. Fraser has shown sections of the mucosa of the Eustachian tube with tuberculous disease definitely established. In a number of cases at Brompton Hospital an edematous condition of the Eustachian cushion, looking very like tuberculosis, was observed. In sixteen adult cases that I have seen at Brompton fifteen had tubercle bacilli in the sputum.
Cemach applied a suspension of red colouring matter to the lateral wall of the nasopharynx. This appeared in the external meatus as granules. He states that had this colouring matter been excreted via the blood and tympanic mucosa, then discharge would have been stained red and there would not have been granules. I believe, however, that in a certain number of cases the infection is bloodborne and a case with Bazin's disease may be one. As Retrouvey points out, phthisical patients develop tuberculous otitis media and tuberculous disease of bones, joints, and other structures at the same time. I also feel that many of the cases of tuberculous mastoiditis in children may be blood-borne from infected tonsils or lymphatic glands, though undoubtedly some of them are due to the passage of bacilli from infected milk through the Eustachian tube. The researches of Fraser and Mitchell in Edinburgh seem to prove this.
Infection by the Eustachian tube may be due to infected material being forced up by coughing or to gradual extension along the tube.
It is significant perhaps that in every one of the sixteen cases with pulmonary phthisis and tuberculous middle-ear disease the tubercle bacillus was found in the sputum.
The signs and symptoms vary from those of pyogenic suppurative otitis media in several particulars. The onset is insidious and often painless. The acute pain of a suppurative otitis with bulging drum does not seem to occur. In my own series, I have records that six cases started painlessly; the discharge was first noticed without any other symptom, except in one or two cases a preliminary deafness. In four cases there was said to have been a slight transitory pain just before the discharge began. In the remaining cases either I have no record or the patient was not very clear-several years having elapsed since the discharge began. In many cases the patient became aware whilst in hospital or in sanatorium of discharge in the ear. Deafness was usually noticed in the early stages.
The appearance of the drum-head before discharge occurs is variously described by different authors. The more common description is of a greyish nodular infiltration of the membrane and this seems to explain the later stage of multiple perforation where tubercles have broken down in different parts. Blegvad describes the earliest stages as consisting of injection of the whole drum-head and a yellowish bulge of the postero-superior part of the drum which he says is due to mucus in the tympanum and swelling of the membrane. I have not seen such a condition at Brompton Hospital, though I have seen somewhat similar appearances in cases which I did not suspect for one moment of tuberculosis. It is possible, however, that such a condition is due to infection of the intra-tympanic mucosa without involvement of the drum-head.
Infiltration of the drum-head must be the more common because in so many of the cases multiple perforations-usually two-are seen, one of which is usually in the antero-inferior quadrant and one in the postero-inferior. If a third perforation is present it is usually in either of these quadrants. The perforations usually start as very small almost circular perforations in a thickened and reddened membrane. They quickly enlarge and become irregular in shape.
In my series of seventeen adult patients eight had double perforations, and of these, one had double perforatin in both ears. In two others there was complete loss of the membrana tensa.
Blegvad reports forty-four cases, of which eight had double perforations and one three perforations. Szineti records thirty-four cases, of which three had double perforations and two had triple perforations, whilst others had scars which suggested more than one perforation.
The site of the perforation may be explained by the arrangement of the bloodsupply of the membrane. There is a vessel running along the anterior and another along the posterior border of the handle of the-malleus-branches of the deep auricular division of the internal maxillary artery--and a plexus derived from the tympanic plexus, which lies in the peripheral part of the membrane. Communication between these two systems is free, high up close to the anterior and posterior tympanomalleolar folds and also immediately below the umbo. This leaves two areas with a comparatively poor blood-supply and it is in these regions that tuberculous perforation first begins (see fig. 4 ).
The perforations may heal, as in two of the series of cases shown, or they may enlarge and finally coalesce, giving rise to a large perforation in the lower half .29. 956 54 of the drumhead. In a progressive case the enlargement continues and the drumhead disappears until none of the tense portion remains-not even a rim around the annulus tympanicus. The membrane flaccida is not often involved. The reniform perforation of the pyogenic otitis media does not seem to occur (fig 5) . The discharge in the early stages is somewhat watery, bltt later becomes definitely muco-purulent, and when, as is usually the case, a secondary pyogenic infection has occurred, it becomes purulent. It has not been excessive in any of the cases I have examined, but usually enough to cover the floor of the meatus. Granulation tissue is described by some writers as being a marked feature in tuberculosis, but I have been struck by the rarity with which it occurs in more than moderate amounts. In only one case among sixteen in phthisical patients was there a definite outgrowth into the meatus. This was in an advanced case of phthisis, and the granulation blocked the meatus. More often a few small nodules of pinkish granulation tissue are visible in the upper part of the tympanum through a perforation.
At the Brompton Hospital, discharge is obtained from the middle ear by means of the glass pipette, designed by Sir James Dundas-Grant, which has been exhibited at a previous meeting of the Section. The pus is transferred to a slide and is then examined by the Ziehl-Neelsen method. In six out of seventeen cases the bacillus was discovered, and in one case in which the bacillus was not discovered pus was transferred to a guinea-pig and resulted in its death from tuberculosis. Cox and Dwyer wash out the middle ear and meatus with dilute sodium hydrate solution and centrifuge the resultant fluid, examining the residuum. Various specimens of granulation tissue from the middle ear have been examined, but in none of the adult cases were tubercles or even giant cells discovered. In two out of the three children recorded definite evidence of tuberculosis was found.
At the twenty-fifth Congress of the Italian Otological Society, Busacci reported that in the granulation tissue removed from thirty-six tuberculous middle ears tubercles were found in three and bacilli in two specimens, but did not state if these were in the same cases.
Of the six cases in which tubercle bacilli were discovered in the discharge from the middle ear, five have since died from the pulmonary condition. I do not know if this has any significance, but all the eleven patients in whose discharge bacilli were not discovered are still alive.
As the tympanic membrane disappears by extension of the perforation, so the ossicles are attacked by osteoporosis or white caries and disappear until nothing is to be seen of the long process of the incus and only the smallest remnant of the handle of the malleus. This disappearance of the handle of the malleus can be followed in many cases and is visible in two patients shown to-day.
As has been mentioned, granulation tissue may form in the middle ear, especially if the patient is in bad condition and the ear disease very active, but more often the mucosa in the tympanum atrophies and becomes a thin layer of pale pink membrane.
The course of the disease, once the perforation is of considerable size, is very chronic; little change takes place over long periods and the tendency is for destructive processes to cease and active inflammation to wear itself out.
In adults extensions from the middle ear are rare and mastoiditis has been met with rarely at Brompton. The only case of facial paralysis I have seen in an adult occurred a few months ago in a patient who was admitted in the last stages of phthisis. There was a fairly profuse discharge from the ear, from which a guineapig was successfully inoculated, but a radiograph showed no changes in the mastoid region. Extension to the meninges or to the internal ear occurs from time to time but is distinctly uncommon. Occasionally massive necrosis of the mastoid region or of the internal ear occurs but I have no personal experience of this in adults.
The disease in children presents very distinct characteristics and chief amongst these is the tendency to mastoid involvement. The proportion of extrapulmonary to pulmonary tuberculosis is greater in children as is shown by the curves showing the deaths from both types in 1900-1910 (fig. 6) [4] .
The curves are now much flatter but bear the same relationship, and it is probable that some at any rate of the aural tuberculosis is secondary to abdominal or mediastinal tuberculosis.
Mastoiditis in children is observed in the very earliest month of life and results in necrosis of bone around the antrum before there is much development of the process. Facial paralysis is much commoner in children than in adults and appears to be due to pressure from granulation tissue. The formation of granulation tissue is very marked and healing after mastoid operation is very slow and erratic. In most cases it is necessary to carry out the complete radical operation before healing is attained. Aural tuberculosis in young children takes on a more active form than in adults.
The mastoid process is much more commonly affected and its spread to other parts of the temporal bone and infection of the meninges is a distinct danger in children, whereas in adults the disease is much more likely to be restricted to the middle ear. Tumotur formation.-Though I have not previously encountered a case, there is a type of tuberculosis in adults which produces a tumour formation. Such cases have been reported by Ruttin and Urbantschitsch. In Ruttin's case a mass of firm granulation invaded the internal ear, destroying it and appearing through the internal auditory meatus and inner wall of the labyrinth. In Urbantschitsch's case the granulations penetrated the roof of the middle ear and involved the brain until the cerebral hemisphere was replaced by a mass of tubercular granulation tissue.
Mr. Kisch has shown a case to-day of apparently the same type (see p 67), but which is at present at any rate much less advanced than the two previously described.
Deafness.-In my series of cases the deafness, which is always moderate to severe, has been mostly of the middle-ear type, with bone conduction greater than air conduction, or negative Rinne. In several cases there was some shortening of bone conduction, both by Schwabach's and the absolute bone conduction tests, but still with a shorter period of air-conduction. I have not seen I Ir'1 N I IA I i I'~~~I' I I the marked internal ear-type of deafness described by some authors, nor have I encountered the marked variation from day to day in the degree of deafness as expressed by Lermoyez, " tel est sourd vendredi qui dimanche entendra." REFERENCES.
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By Sir STCLAIR THOMSON, M.D., F.R.C.S.
In childhood and adult life.-Tuberculous otitis media has very different characters in infancy and childhood from those which it manifests in the adult. My contribution to this debate only concerns the disease as met with in the phthisical patients at an open-air sanatorium.
Clinical materials.-For the last nineteen years I have had the opportunity of examining the ears of all patients admitted to King Edward VII Sanatorium, Midhurst. I am not to-day giving the record of all these years, as I hope to publish later a complete record of the experience of twenty years.
To-day I submit (1) the records of my first ten years' service (1911) (1912) (1913) (1914) (1915) (1916) (1917) (1918) (1919) (1920) (1921) (2) the notes of the last four years (1926) (1927) (1928) (1929) (1930) , and (3) the conclusions which may be ventured from these two collections.
Statistics.-In 1924 I published a brochure entitled " Tuberculosis of the Larynx; ten years' experience in a Sanatorium," 1 and therein I devoted one section to tuberculosis of the middle ear. At that date, statistics showed that amongst 2,541 patients with tuberculosis of the lung, there were eleven with the disease in the ear (= 0-043%). Of these, amongst 1,535 men there were five aural cases (= 0 -039%), and amongst 1,006 women there was only one case (= 0-09%).
In the later, four years', series (1926) (1927) (1928) (1929) (1930) , hitherto unpublished, 766 patients were investigated in regard to the ears, and I found fourteen cases of aural tuberculosis (= 1 -82%). Eleven of these were found in 460 males (-2 2 38%), and three cases in 306 females (= 0 -98%). A rare con plication.-With regard to these figures it is just possible thatafter publication of my booklet in 1924-I may have kept a keener omutlook for this painless and insidious complication and hence the rise of its record from 0-043% to 1-82%. Anyhow, we are quite entitled to conclude from these figures that middle-ear suppuration is not a common complication of infection by the tubercle bacillus, but is met with in less than 2% of the cases admitted to a sanatorium. Sex distribution.-With regard to the sex distribution, both series of figures agree in suggesting that the lesion is more common in men than in women, and Schwabach and Hegetschweiler2 support this. Still, here again, statistics may mislead us. It was formerly held that tuberculosis was more common in the male than in the female larynx. Morell Mackenzie gave the proportion as 2-7 men to one woman. As late as 1913, Collet concluded that "according to all statistics, laryngeal tuberculosis is more common among men than women; certain figures even show that it is three to three-and-a-half times more frequent in men." 3 In my publication in 1924, I demonstrated that when women are exposed to the same conditions as men they are equally subject to tuberculosis in the larynx. ( 
